Background: Both non-cardiac and cardiac comorbidities are related to the prognosis of chronic heart failure (HF), but so far little is known about the impact of comorbidities on treatment difficulties in routine care. Objectives: To investigate which comorbidities are associated with treatment difficulties in primary care. We hypothesized that somatic comorbidities as well as psychosocial distress are associated with treatment difficulties. Methods: In this baseline analysis of data of the observational RECODE-HF study, HF patients were recruited via primary care practices in two German sites. They received a questionnaire by mail to measure psychosocial distress. Each patient's GP was interviewed by phone regarding the patient's comorbidities and treatment difficulties. Logistic regression analyses controlled for GP cluster effects were calculated to investigate the association between comorbidities/psychosocial distress and treatment difficulties. Results: The 3282 patients of 285 GPs included in the analysis were aged 74.2 (±10.1) years and had a mean number of 4.6 (±2.4) comorbidities. GPs reported treatment difficulties in 32.5% of the patients. Allergies/drug intolerance [odds ratio (ORs)=2.0], asthma/chronic obstructive pulmonary disease (ORs=1.4), renal insufficiency (ORs=1.3), atherosclerosis/peripheral arterial occlusive disease (ORs=1.3) and cardiac arrhythmias (ORs=1.2) as well as patient-reported psychosocial distress (ORs=1.2), HF severity (ORs=3.7-1.6) and age (ORs=0.98) were associated with treatment difficulties. Conclusion: Five somatic comorbidity groups as well as patient-reported psychosocial distress were significantly associated with a higher risk of GP-reported treatment difficulties. Further efforts to address comorbidities in clinical guidelines could be built on these results.
Nearly 40% of patients with heart failure (HF) have five or more comorbidities (1) and HF patients cared for by GPs have been shown to have more comorbidities than HF patients cared for by cardiologists (2) . In patients with chronic HF, both non-cardiac and cardiac comorbidities are related to hospitalization frequency, disease progression, and to the prognosis of HF (1, 3, 4) . Furthermore, psychological disorders like anxiety and depression were shown to be associated with the HF prognosis, even though evidence for depression was stronger than evidence for anxiety (5) . Comorbidities were frequently reported to complicate the care for patients with HF (6) . The handling of comorbidities is unclear, because the established treatments of comorbidities in HF patients did not show the expected effects, which was true for somatic as well as psychologic disorders like depression (7) .
So far, comorbidities in HF have been investigated with regard to their prognostic relevance, e.g. by Braunstein et al. (1) ,or in a hospital setting (8) but studies neglected the impact of comorbidities on treatment difficulties in primary routine care. Only one qualitative study investigated the HF patient's view on treatment difficulties in general practice compared to HF clinics (9) , without the focus on comorbidities.
The aim of this study was to determine which comorbidities were associated with GP-reported treatment difficulties. We hypothesize that somatic disorders as well as psychosocial distress are significantly associated with perceived treatment difficulties in patients with HF in general practice.
Methods
In this observational study, patients with HF were recruited between February 2012 and June 2014 via primary care practices in two German study sites. Data were collected between August 2012 and November 2014. The study design has been described in the study protocol (10) . The main focus of the longitudinal study lied on psychosocial distress. Therefore, patients with psychosocial distress were included prioritized in the study (see section Psychosocial distress). This is a cross-sectional investigation of the baseline data.
Data ascertainment
First, all GPs at the two study sites including surrounding areas were invited to take part in the study. In the surgeries of the participating GPs, patients were selected from the practice software. The inclusion criteria were diagnosis of HF within the last 5 years, at least one contact with the GP within the last 6 months and aged at least 18 years. Patients who were no regular patient of the participating practice or who passed away since their last GP consultation were excluded. Furthermore, patients with dementia were excluded because they may not be able to give valid information in the self-administered questionnaire. All eligible patients received a personal letter from their GP with an invitation to participate in the study along with study material. Those patients who were willing to participate returned the informed, written letters of consent to the study centre. In turn, they received a self-administered baseline questionnaire by mail and sent it back to the study centre. Besides instruments to measure symptoms of anxiety and depression (see below for further detail), the questionnaire contained questions regarding sociodemographics and education (CASMIN criteria (11) ). Due to the study design, all incoming patient questionnaires were screened for psychosocial distress by a hierarchical algorithm (12) (see Psychosocial distress section). According to the study protocol (10), a higher ratio of patients with psychosocial distress were included in the study (all patients with psychosocial distress, and 80% randomly selected patients of those without psychosocial distress). Then, the GP of each included patient was interviewed by phone regarding his/her patient's New York Heart Association (NYHA) classification, somatic and psychologic disorders and potential treatment difficulties.
Psychosocial distress
The algorithm to screen for psychosocial distress (12) is based on the Patient Health Questionnaire Depression Scale (PHQ-9, 13), Hospital Anxiety and Depression Scale (14,15) subscales depression (HADS-D) and anxiety (HADS-A) and selected items of the PROMIS Anxiety Scale (PROMIS Anxiety (16, 17) ). In brief, all patients with PHQ-9 score of >8 and HADS-D score of >8 as well as those patients with PROMIS Anxiety score of >18 were defined as displaying psychosocial distress. Even though the algorithm was established to identify patients with depression/adjustment disorder and anxiety disorder, the positive predictive values do not allow an immediate diagnosis of a depressive/adjustment or anxiety disorder (12) . Therefore, psychosocial distress was defined as showing symptoms of depression/adjustment disorder and/or anxiety.
Comorbidities and treatment difficulties
In the telephonic interview, the comorbidities were assessed by asking if the patient had any conditions of the Charlson Comorbidity Index (18), followed by the request to disclose all further acute and chronic illnesses which the patient currently had using three-digit ICD-10 codes. In a next step, all conditions of the Charlson Index were transformed into three-digit ICD-10 codes. Then, the ICD-10 codes from both sources (Charlson Index and the ICD-10 codes of acute and chronic illnesses named by the GP) were sorted into 42 comorbidity groups based on an established list of relevant chronic conditions in ambulatory care (MultiCare list of chronic conditions) (19) , which was adapted due to the inclusion and exclusion criteria of the current study, e.g. dementia was an exclusion criterion in this study. At the end of the interview, the GP was asked 'What difficulties have you encountered when treating heart failure in this patient?' The answer to this open question was coded into categories by the interviewer. The categories were pre-specified and were amended based on the GPs' answers after the first interviews. The categories were not presented to the GPs.
Data analysis
Statistical analyses were performed using SPSS version 20 and 23. No data imputation strategies were applied. The nominal level of significance has been set at P = 0.05 for all analyses. Descriptive analyses were calculated to describe sample characteristics and the GP-reported treatment difficulties in the HF patients. t-Tests and chi-square tests were calculated to test for significant differences where appropriate. Bivariate logistic regression models with the outcome 'any treatment difficulties (yes/no)' were calculated for each of the 42 comorbidity groups. Then, a multivariable logistic regression model with the outcome 'any treatment difficulties' (yes/ no) controlled for the random GP cluster effect was calculated by the procedure GENLIN-MIXED. All comorbidity groups showing a significant association with treatment difficulties in the bivariate analyses as well as the number of comorbidities (MultiCare list), age, gender, education, NYHA classification and psychosocial distress were included in the multivariable logistic regression model. Odds ratios and 95% confidence intervals were calculated.
Methods to reduce bias
Due to the study design, the cohort is not representative regarding the prevalence of psychosocial distress as identified by the patient questionnaire. To address this bias, psychosocial distress is included in the multivariable analyses to control for its effect. Furthermore, the frequencies of treatment difficulties were additionally provided stratified by psychosocial distress.
Ethical approval
The study was conducted in compliance with the Declaration of Helsinki and adheres to the Belmont principles. 
Results
Of the 4220 GPs invited to take part in the study, 293 were willing to participate (6.6%). A total of 13 830 patients were identified in the praxis software and invited to participate by their GPs. Of those invited, 5385 (38.9%) consented to participate in the study and 4909 (35.5%) sent back a baseline questionnaire. A total number of 3821 telephonic interviews were conducted and finally 3387 patients met the inclusion criteria of the study. A flow chart with detailed information has been provided earlier (12) .
Sample characteristics
Of all 3387 patients included in the study, 105 patients without valid information on treatment difficulties had to be excluded from the analysis. Thus, 3282 HF patients with valid information on presence or absence of GP-reported treatment difficulties from 285 interviewed GPs were included in the analysis. Sample characteristics are presented in Table 1 .
Treatment difficulties
The GP reported difficulties in treating the HF in 1066 (32.5%) of the 3282 patients. The most prevalent types of treatment difficulties were 'interaction between HF treatment and comorbid disease/multimorbidity' and 'non-adherence' (see Table 2 ). All treatment difficulties are also provided stratified by psychosocial distress to address the bias of overrepresentation of HF patients with psychosocial distress in this study (see Supplementary Table S1 ). Table 3 displays the results of the multivariable logistic regression analysis with the endpoint 'treatment difficulties'. Four of the five comorbidity groups with a significant bivariate association with treatment difficulties remained significant in the multivariable model. Furthermore, psychosocial distress, advanced HF and age were significantly associated with treatment difficulties. The NYHA classification had the strongest association with GP-reported treatment difficulties, while gender, education and the number of comorbidities were not significantly associated with treatment difficulties.
Comorbidities
We once more calculated the frequency of types of the treatment difficulties (as listed in Table 2 ) stratified by the significant comorbidities of the multivariable model (allergies/drug intolerance, asthma/chronic obstructive pulmonary disease, renal insufficiency, atherosclerosis/peripheral arterial occlusive disease, cardiac arrhythmias and psychosocial distress). As in Table 2 shown for the full sample, 'interaction between comorbid diseases and HF treatment' was the most frequent cause for treatment difficulties in each of the comorbidities, followed by 'non-adherence'. The only exception was the comorbidity group 'allergies/drug intolerance'. Here, 'side effects of medications/medication intolerance' shared the first rank with 'interaction between HF treatment and comorbid disease/multimorbidity'. All frequencies are shown in Table 4 .
Discussion
GPs in our study reported difficulties in treating the HF patients in 1066 of the 3282 patients with HF (32.5%). More severe HF was associated with more treatment difficulties. In addition, five comorbidity groups were associated with a higher risk for GP-reported treatment difficulties: asthma/chronic obstructive pulmonary disease, allergies/drug intolerance, renal insufficiency, atherosclerosis/peripheral NYHA, New York Heart Association; SD, standard deviation. *Number of patients with non-missing data.
arterial occlusive disease and cardiac arrhythmias. Patient-reported psychosocial distress was also significantly associated with treatment difficulties and the effect size for distress was similar to that of the somatic comorbidities.
Strengths and limitations
In this observational study, the comorbidities of a large cohort of 3282 patients with HF were comprehensively assessed through interviews with the treating GPs. This generated an overview of comorbidities present in patients with HF, independent of biases created through claims data or by pre-selected comorbidities. Comorbidities were grouped by an existing list of 46 chronic conditions (MultiCare list of chronic conditions (19)) established for older primary care patients, which allows potential comparisons of comorbidities with other studies using the MultiCare list. However, some limitations of the present study deserve mentioning: due to its focus on chronic conditions of the (extensive) MultiCare list of chronic conditions, the results of these analyses are limited to the investigated chronic conditions. We cannot exclude that there may be other less common chronic or acute diseases, which may also cause treatment problems. Furthermore, this was an exploratory investigation of the baseline data of the RECODE-HF study. Due to the study procedure (10), the ratio of patients with psychosocial distress in the study population was raised. However, we controlled for the effect of psychosocial distress in the model, so that the association between the comorbidities in the model and treatment difficulties were not affected by the effect of psychosocial distress; also, descriptive data on treatment difficulties stratified by psychosocial distress are provided as supplemental material.
During the GP interview, we asked the GP to disclose the patients' acute and chronic illnesses first. Afterwards, we asked if there were any treatment difficulties. This order may have biased the answers regarding treatment difficulties. The association between comorbidities and treatment difficulties therefore may be overestimated. Furthermore, the comorbidities from the Charlson Index were addressed directly, followed by the question which further comorbidities a patient showed. Hence, we cannot exclude that comorbidities of the Charlson Index were reported more frequently than comorbidities which were reported on the request to name all further acute and chronic illnesses the patient currently had. However, we did not aim to present the prevalence of comorbidities, but to investigate which comorbidities may affect HF treatment. Thus, we assume that the GP named all comorbidities relevant to HF treatment whether a comorbidity was directly addressed in the Charlson Index or not. Lastly, the GP's response rate in this study was low (6.6%). The high performers among the GPs were probably more likely to take part in the study. These may have been less likely to report treatment problems than low performers. The prevalence of treatment problems may therefore be underestimated. However, the patients of these GPs are likely to represent a broad range of all kinds of patients (and treatment problems) independently of the GPs' performance. It hence seems unlikely that the factors associated with treatment problems are biased by the low response rates of the GPs.
Comorbidities and treatment difficulties

Somatic comorbidities
The most frequent types of GP treatment difficulties were 'interaction between HF treatment and comorbid disease/ NYHA, New York Heart Association. Multivariable logistic regression with outcome any treatment difficulties controlled by GP cluster effect (Z = 6.587; P < 0.001); n = 2843; Overall correct classification 76.4%. Bold letters indicate significant associations. multimorbidity' followed by 'non-adherence'. This shows a potential need for targeted treatment recommendations concerning certain comorbidities as well as non-adherence in general practice. Table 4 gives an idea of which comorbidities might be associated with certain types of treatment difficulties. While the proportion of patients with the treatment difficulty 'interaction between HF treatment and comorbid disease/multimorbidity' was relatively high for a broader range of comorbidities, non-adherence occurred in a higher proportion of patients with asthma/chronic obstructive pulmonary disease and atherosclerosis/peripheral arterial occlusive disease. So far no studies investigated treatment difficulties in primary care HF patients. One study investigated treatment dilemmas in hospitalized HF patients. Lien et al. found that none of the 116 patients investigated had HF as their only disease and 90% took four or more different medications (8) . Even though the comorbidities and treatment problems of both studies are not comparable due to the different settings of the study, this underlines the high frequency of comorbidity and polypharmacy in HF patients. A structure to address comorbidities has been provided in guidelines by Muth et al. in 2014 (20) (see below); but so far, HF treatment guidelines differ greatly regarding the handling of comorbidities. While some incorporate own sections for selected comorbidities (21) (22) (23) , others just mention effects of comorbid diseases unsystematically within treatment recommendations (24, 25) . Some HF guidelines already included additional chapters regarding asthma/ chronic obstructive pulmonary disease (21-23), cardiac arrhythmias (23, 26) and renal insufficiency (21, 23, 26) . Medication intolerance (which is included in the comorbidity group 'allergies/drug intolerance' in the present study) is mentioned in the guidelines in combination with pharmacological treatment (21, (23) (24) (25) (26) . ACEinhibitor intolerance is mentioned particularly often and in detail. Atherosclerosis/peripheral arterial occlusive disease is briefly mentioned in only one guideline (24) . In sum, each of the five comorbidity groups has been addressed in one of the guidelines, but no guideline addressed all of them.
Psychosocial distress as defined in this study occurred in 30.2% of the HF patients. Scherer et al. reported a similar point-prevalence of 27.5% (80 of 291 patients) HF patients with psychosocial distress (27)-but the selection criteria differed between both studies. We assume that we identified less patients with psychosocial distress in our study than that in Scherer et al.'s study, because we used an algorithm accounting for overlapping symptoms between HF and anxiety/depression, resulting in a more conservative algorithm. Due to our study design, we randomly excluded about 20% of the patients without psychosocial distress. This raised the number of patients with psychosocial distress in our study and might have led to a comparable number of patients with psychosocial distress in both studies.
The percentage of GP-reported treatment difficulties in our study was significantly higher in patients with psychosocial distress than in those without in bivariate and multivariable analyses. Anxiety and depression are already addressed by some guidelines (21, 23, 26, 28, 29) , but so far depression/anxiety treatment has not been proven to improve HF prognosis. However, this analysis showed that psychosocial distress is associated with treatment difficulties in primary care with similar effect size as found for somatic comorbidities. When considering the comorbidity frequencies in each line of Table 4 , the numbers indicate no clear link between psychosocial distress and one type of treatment difficulty; psychosocial distress might rather increase the overall risk of treatment difficulties. Therefore, it seems appropriate to address anxiety and depression in HF guidelines.
Adherence is a key issue in treating patients with HF, because it is a disease whose treatment includes many recommendations regarding lifestyle and lifelong adherence to medication. Given that in 346 of all 3282 HF patients (10.5%) non-adherence was reported as a treatment difficulty and real non-adherence rates are even likely to be higher, guideline recommendations targeting non-adherence in HF (as implemented in guidelines for coronary heart disease (30) or cardiovascular prevention (31)) would be helpful.
Implications for research and practice
To support clinical practice, it could be helpful to include instructions on how to handle non-adherence as well as comorbidities in HF clinical guidelines. Muth et al. already recommended considering disease-disease, disease-drug and drug-drug interactions for comorbidities in clinical guidelines (20) . This study gives an idea of which comorbidities should be addressed. In a next step, the specific treatment difficulties for each comorbidity should be further assessed in qualitative studies. Then, it will be possible to establish focused recommendations. Furthermore, it seems to be necessary to investigate whether or not GP-rated treatment difficulties lead to worse HF prognoses and if addressing certain comorbidities in HF guidelines might lead to better HF prognoses.
Conclusion
Five comorbidity groups as well as patient-reported psychosocial distress were significantly associated with a higher risk of GP-reported treatment difficulties. Further efforts to address comorbidities in clinical guidelines could be built on these results.
